The lifetimes of OH(2Z+) and OD(2£+) radicals were measured by using pulse-photolysis of water and methanol in the vacuum-uv for the production of the electronically excited radicals. From the fluorescence decay measurements the natural lifetimes, as well as the quenching rate constants for several added gases such as H20, CH3OH, H2, N2, Ar, and He were determined. In particular, the natural lifetime of OH (2£ +, v = 0), r = (1.00 ± 0.06) • 10-6 s, was corrected for rotation-vibration as well as for rotation-electronic interactions resulting in a lifetime of (0.83 ± 0.08) • 10_6 s for the rotationless state. A lifetime of (0.82 ± 0.08) • 10~6 s was derived for the rotationless state of OD(22;+,ü = 0).
Introduction
Numerous experimental investigations have been carried out to determine the spontaneous transition probability or the natural lifetime1 "3 and the /-value4-10 of the OH (A2 X217t) (0.0) transition; however, there is still a considerable spread in the pub lished data.
The first published value of the natural lifetime, r = (1.01 ±0.05)-10 -6 s, corresponding to an oscil lator strength, / = (7.25 ± 0.5) • 10 ~4, was measured by Bennett and Dalby1. Their method was principally based upon the direct lifetime measurements of OH (A2 E +) excited by electron pulse bombardment of water or methanol. Recently German and Zare2 deri ved a natural lifetime of (0.77 ± 0.08) • 10~6 s for the JN ' = 2, J ' = 3/2 rotational level of OH (A227+, v' = 0) from their ORFDOR method (optical radio frequency double resonance) of measuring ^-values by using the g ■ r data given by M arshall et al. 11 and German and Zare12. This lifetime corresponds to a band oscillator strength of (9.3 ± 1.0) • 10 ~4.
More recently, Smith3 has published a lifetime t = (0.85 + 0.13) -10~6s from phase shift measure ments using a rf-modulated beam of 200 eV electrons to excite the OH radicals. His lifetime is equivalent to a /-number of (7.7 ± 1.1) ■ IO"4. Golden et al.s deter mined a /-value of (7.1 ± 1.1)-10~4 by careful ab sorption measurements. Their value does not agree with most of the results from former absorption experiments which gave /-value from 5.4 • 10-4 to 13.0 ■ IO-4 4-5.6,7. These former absorption measurements had to be corrected by more recent thermodynamic properties of OH as well as by rotational-vibrational interaction and the dependence of the electronic transition moment on the internuclear distance13-!4-15 because of the high temperatures at which these experiments were carried out. The quenching rate constants for OH(2Z'+) radicals were previously determined by direct lifetime measure ments 1 as well as by measuring the quenching of the OH emission under static conditions in photolysis experi ments 16.17 . is or in flames 19-2o-2i.
In the present experiments we have measured the lifetimes of OH (A2 E +) radicals which were produced by pulse-photolysis of H20 with the 1236 Ä Kr-resonance line. The photolysis of water leads partly to the formation of electronically excited OH radicals16-22 according to reaction (1) with a characteristic non thermal rotational energy distribution23-24-17.
The photolysis of methanol at 1236 k has also been used for the formation of electronically excited OH radicals 16. The formation of excited OH radicals by pulse-photo lysis of H20 or CH3OH has the advantage of populating well defined quantum states of OH, avoiding any cas cading from higher electronic states, which causes diffi culties in many electron bombardment experiments.
Similar lifetime measurements on SH (A2 E +) radi cals which were formed by pulse-photolysis of H2S have been published very recently25.
Experimental
A schematic diagram of the apparatus is shown in Figure 1 . Its principal feature is a rotating disc of 24 cm in diameter in which 72 slits of 10 mm length and 1 mm width which were cut at equal distances apart, with high precision. Covered by an evacuated housing the chopper reached a revolving frequency of 500 Hz. Mo- In order to improve the signal-to-noise ratio the output of the photomultiplier was fed into a single channel analyser28. Under steady state conditions the time averaged fluorescence intensity was registered, after proper amplification and integration of the signal pulses, on a strip chart recorder.
The time dependent fluorescence decay was measured by using the "single photon detection method"29. For this purpose the experimental set-up consisted of a timeto-pulse-height converter (Ortec Model 437), an analog digital converter (Laben FC-60), and a multi-channel analyser (NE 4096) in which the data were stored over a large number of scans. This arrangement was syn chronized with the mechanical chopper by means of a variable delay line by which the "start" point of the time-to-pulse-height converter could be shifted from the beginning of the linear fall-off of the photolysis pulse to its end. A time resolution as short as 50 • 10"9 s could be obtained by this method. The limitation was mostly caused by the signal-to-noise ratio and by a certain degree of fluctuation in the synchronization. Figure 3 shows a sectional view of the chopper disc with the housing, the fluorescence chamber, and the rare gas resonance lamp. The experiments were carried out under static as well as under flow conditions. The water vapour pressure in the reaction chamber was measured in the range from 1.0 to lOOmTorr by a thermally stabilized capacitor manometer. Carefully distilled water and 99.9% grade deuterium oxide were used for the fluorescence experiments.
Results
The OH as well as the OD (A2 X2 77,) (0.0) and (1.1) fluorescence spectra obtained by the water photo lysis at 1236 Ä are shown in Figure 4 . The spectra were taken in the third order of a SPEX 1704 grating spectro meter with a resolution of AX = 0.1 Ä. Most of the Wood's horn 
For higher vibrational levels in the 227+ state relaxation processes have be included in reaction (4) . Because of the excess of H2O and M the decay of excited OH radi cals or the fluorescence intersity, I = K2 (OH (2Z +)), follows first order kinetics:
The value of the first-order rate constant K can deter mined from the fluorescence decay curve.
Fig. 5
In Figure 5 a typical decay curve of the OH fluores cence is shown using a semi-logarithmic scale. In Figure 6 (I) a plot of K versus the H2O pressure is shown for OH(2Z"+, v' = 0). From the extrapolation to zero total pressure, (H20) = (M) = 0, the transition prob ability K2 or the natural lifetime r = 1 \K2 of the excited state can be determined on the ordinate axis. The slope of K as a function of the partial pressure (H20) and (M) gives and k4, respectively. These values were calcu lated by a least square fit of the experimental data. In the pulse-photolysis experiment with D20 the corres ponding values for OD (A2Z +) were also determined. 
OH (22J+, v' = 1) 0.75 ±0.12 H20 --Smith (3) 0.92 ± 0.07 H20 4.0 ± 0.9 47 ± 10 this work OD (2£+, v' = 1) 1.00 ± 0.06 D20 4.1 ± 0.9 50 ± 10 this work OD (2£ +, v' = 1) 1.04 ±0.08 D20 3.8 ± 0.8
Our results are summarized in Table 1, Table 2,  and Table 3 , together with the data previously published by other authors.
Discussion
The natural lifetime of OH (2£ +, v = o) obtained by the present measurements is in good agreement with the results of Bennett and DalBy1; but our results are somewhat different from these of Smith3 and German and Zare2.
In contrast to our findings, Smith3 did not observe any pressure dependence of the first order rate constant K in the region of 0.5 to 5 mTorr. If the lifetime value measured by Smith3 is corrected for quenching, applying our quenching rate constant for H20 at a water pressure of 5 mTorr, a value of r = 0.92 10-6 s is ob tained. With this correction both lifetime values agree within the experimental error limits. The lifetime measured by German and Zare2 lies definitely outside the error limit of the present results. This lifetime was determined for the rotational level N' = 2, J ' = 3/2, a rather low rotational quantum state. In contrast, our value was measured for rotationally "hot" OH (27+, v = o) radicals integrated over all J ' levels which are shown in the spectra of Figure 4 .
As was recently shown14, in molecules such as OH the Born-Oppenheimer approximation is not regidly valid because the electronic transition moment £ \Re\2 and the Franck-Condon factors qv'v" are not independent of the internuclear distance It was pointed out by Learner14 and by Anketell et al.15 , and more recently by Chakraborty et al.31 that for hydrides or deuterides such as OH and OD, rotation vibration interaction has also to be taken into account.
Accordingly, the electronic transition moment and the Franck-Condon factors depend on the rotational quantum number of the radical. As a consequence, the transition probability decreases with increasing quantum numbers N' or J'. If the lifetime of an excited state is measured, the result depends on the rotational energy distribution and on the spectral sensitivity of the detec tion system. In our case, the detection sensitivity is con stant over the spectral region of 3050 to 3220 Ä within 5% Our experimentally determined lifetime had to be corrected by a certain factor Z to obtain the lifetime of a rotationless state.
The average transition probability Ä\ from a state with a given rotational distribution is expressed by rela tion (6)32: 
The results are shown in Fig. 7 for OH (2Z +,v' = 0) and OD ('2Z + v' = 0), but with notation of the quantum number N' as commonly used for the rotational state of the coupling case b not considering the spin compo nent.
In the case of OH and OD, the sum of all relative transition probabilities p { ',\o f the v' = 0, v" 4= 0 pro gression is only about 2 % of the (0.0) transition probability. Thus Eq. (7) can be simplified to:
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The ratio of Ä\ and Ä2 is the correcting factor Z by which the lifetime has to be multiplied in order to obtain the lifetime of a rotationless state of OH (2Z +, v' = o). This factor Z was calculated for the v' -0 level of electronically excited OH and OD radicals using a 370-165 IBM computer; values of Zqu -0.83 and ZOD -0.82 were obtained. The correction of our ex perimentally determined OH (227+, v = o) lifetime leads to a lifetime of (0.83 ± 0.08) • 10~6 s and a correspond ing oscillator strength of (8.5 ± 0.8) • 10 ~4 for the rotationless state in excellent agreement with the results of German and Zare2. In the case of OD (2Z +, v = 0) for the rotationless state a lifetime of (0.82 ± 0.08) • 10-6 s and an oscillator strenght of (8.5 ± 0.8) • IO"4 were derived. The OH excitation by bombardement of H2O with 20-60 eV electrons produces a rotational distribution similar to that from the H20 photolysis at 1236 Ä34. Accordingly, the agreement of our uncorrected OH lifetime with that from Bennet and Dalby's experiment had to be expected.
